In this article, the grades of different kinds of energy sources are distinguished. Thus, we put forward an equivalent electric calculation method, which is compliant with the calculation of various energy resources that have different grades. Based on this aspect, we empirically analyzed the influence of industrial structure changing on energy consumption structure by analyzing panel data in 30 provinces of China from 2003 to 2013. Results showed that the calculated results of equivalent electric calculation method were more accurate because it considered the difference in grades between various energy sources. Industrial structure changing had a significant impact on energy consumption structure. The upgrading and rationalization of the industrial structure had a significant promotion on energy structure cleaning. In addition, technological progress was conducive to the clean development of energy structure, the decrease in energy price boosted energy structure cleaning, and the impact of economic level on energy consumption structure was not significant.
Introduction
As the driving force of economic production activities, energy has been taken as an important productive factor of the economic manufacture system by many scholars (Song and Zhou, 2015; . With the rapid development of the economy, the consumption of energy resources in China is increasing rapidly at the same time, and fossil fuels are still the main types of energy consumption in this country, which also caused serious environmental pollution (Zhou et al., 2013a (Zhou et al., , 2013b . Therefore, the environment has become an important constraint for the sustained economic development in China. At present, "actively developing clean energy and optimizing the structure of energy consumption" are not only an important approach which is concerned by different sectors of society and can solve the contradiction between economic development and environmental protection but also the main policy guidance which is initiated by the Chinese government to develop the green economy. Therefore, it is of great significance to analyze the evolution of China's energy consumption structure from the perspective of industrial structure change.
Statistical calculation of energy consumption
At present, there are two main statistical calculation methods for energy consumption in China: one is coal equivalent calculation method, this method counts other energy sources' consumption by converting the average coal-fired power consumption of the current year into standard coal consumption; the other is calorific value calculation method which converts other energy sources into standard coal consumption according to their electric power equivalents. There are huge differences between the two methods in the statistical calculation of new energy sources such as hydropower, nuclear power and so on. When calculating the Chinese regional final energy consumption and the carbon emission of energy consumption, Li and Hu (2012) , Zhou et al. (2013a Zhou et al. ( , 2013b , Sun et al. (2015) , and Guo et al. (2016) used energy converting into standard coal as the reference coefficient, which came from "Chinese Statistical Yearbook". These reference coefficients used coal equivalent calculation method and calorific value calculation method as the two energy conversion methods, respectively, resulting in the discrepancy of final statistical calculation of economic consumption. In addition, the two calculation methods only considered the "quantity" of economic consumption, but ignored the different "quality" between different kinds of energies (Jang et al., 2006) . For example, if we use calorific value calculation method to convert the 1 MJ calorific power of natural gas and coal into standard consumption, the results are same. In practical production, however, the average generated energy of 1 MJ calorific power of the above two energies are 0.55 MJ and 0.34 MJ, respectively. Obviously, there are significant differences in the qualities of various energy sources. In this article, we called this difference as "energy grade". Ignoring the difference in various "energy grades" may cause deviations in the statistical calculation of energy consumption, which is not conducive to the optimal allocation of energy resources.
Industrial structure changing and energy consumption structure
In the earlier research literature, the industrial structure changing only refers to the industrial structure upgrading, it refers to the changing process of the industrial structure in which the dominant industry shifts from the primary industry to the secondary industry and then continuous to turn to the tertiary industry. When selecting upgrading indicator of the industrial structure, Zhang and Zhang (2015) believe that the decreasing trend of the added value primary industries in gross domestic product (GDP) in the time series is an important indicator of the industrial structure upgrading. Therefore, they suggested selecting the ratio of the added value of the secondary and tertiary industries to the total GDP value of the current year as the measurement index. But on the other hand, Duarte and Restuccia (2010) and Gan et al. (2011) believe that the proportion of the added value of the tertiary industry represents the characteristics of the second stage of industrial structure changing, and this proportion is more suitable for calculating the upgrading of Chinese industrial structure. Nowadays, the academia has a unanimous conclusion about the influence of the industrial structure upgrading on energy consumption structure, which states that the industrial structure upgrading is an important factor which can influence the regional energy structure change . The greater the proportion of the added value of tertiary industry (service industry) in GDP of the year, the greater the proportion of clean energy consumption.
As research continued, some scholars believe that the industrial structure upgrading cannot represent the entire content of the industrial structure changing. Gan and Zheng (2009 ), Peng et al. (2013 ), and Jiao (2015 all believe that industrial structure changing can optimize resource allocation and promote the development of industrial structure rationalization, and then propelled the industrial structure changes from low grade to high grade. Thus, industrial structure changing includes two dimensions: the industrial structure upgrading and the industrial structure rationalization. Industrial structure upgrading means the degree of coordination between different industries and the coupling of production system input and output structure. Gan and Zheng (2009) use "Theil index" to measure industrial structure rationalization, and it is the prevailing method at present. There is little empirical research about the effect of industrial structure rationalization on energy consumption structure which is an important content that we study in this topic.
Nowadays, studies about this topic have two limitations at home and abroad. On the one hand, the statistical calculation of energy consumption which academia used at present ignores various energy grades, so it cannot accurately calculate the consumption of energy conversion, thereby causing a bias in the measurement of energy consumption structure. On the other hand, industrial structure changing includes two aspects: the industrial structure upgrading and the industrial structure rationalization. However, most of the previous research literature only considered industrial structure upgrading, but neglected the indicator of industrial structure rationalization. In view of this, based on the perspective of energy grade calculation, the equivalent electric calculation is used to calculate the conversion coefficients of various energy sources into equivalent electric; therefore, we can accurately obtain the regional energy consumption structure. Then, an empirical study will be used to analyze the effect of industrial structure changing (including industrial structure upgrading and industrial structure rationalization) on energy consumption structure by using the calculation results above. We hope our research can expand the study in this research area.
Study design

Equivalent electric calculation method
As discussed above, the existing statistical calculation of energy consumption ignored the different quality between different kinds of energy. Based on the perspective of energy grade calculation, this article proposed a new statistical calculation method of energy, which is equivalent electric calculation method (EECM). The foundations are as follows: in practical economic productive activities of the region, several main final consumption energies (including coal, natural gas, petroleum, hydropower, nuclear power, solar energy, wind energy, etc.) are all used to produce electricity. Therefore, electricity is used as a foundation to measure other energy grades. The conversion coefficient through which other energies are converted into electricity is defined as this energy's grade, which is conversion coefficient of equivalent electricity. According to the definition of the equivalent electric calculation above, the grade of electricity is 1, the grade of other energy can be calculated by conversion of the coefficient of equivalent electricity, the calculation model is as follows
In this model, i is other energy sources which include coal, natural gas, petroleum, hydropower, nuclear power, solar energy, wind energy, etc. EE i is the corresponding equivalent electricity per unit of energy i. c i is the conversion coefficient of equivalent electricity. E i is the total energy. In order to work out the conversion coefficient of equivalent electricity of other energy sources, the following conversion model can be used according to the second law of thermodynamics
In this model, T i is the complete combustion temperature of energy i. T i0 is the average outdoor temperature in the region 0 where energy i is used. In order to work out the conversion coefficient of equivalent electricity of the municipal district heating energy (including hot water and steam), model (2) should be made the following transformation
In this model, c w is the conversion coefficient of equivalent electricity of the municipal hot water heating system, T g is the temperature of the supplied water, T h is the temperature of the returned water, T w0 is the average outdoor temperature in region 0, c h is the conversion coefficient of equivalent electricity of the municipal steam heating system, T h0 is the average outdoor temperature in region 0, T s is the corresponding saturation temperature of steam pressure. All the temperature values above are measured in the thermodynamic units (K).
Index calculation of industrial structure changing
Industrial structure changing includes two aspects:the industrial structure upgrading and the industrial structure rationalization. When measuring the index of industrial structure upgrading, this article references the result of Jiao (2015) and use the ratio of the added value of the tertiary industry to the added value of the secondary industry for representation. The larger the ratio is, the better the industrial structure upgrading is. When measuring the index of industrial structure rationalization, this article references the method of Dono and Thompson (1994) and use the Theil index to represent. The model of Theil index is as follows
In this model, i; t; j are the provinces, time periods, and industries, respectively. Y itj is the added value of industry j in year t in province i. Y it is the gross regional product in year t in province i. L itj is the number of the employed persons in industry j in year t in province i. L it is the total employed persons in year t in province i. This index is converse. The lower the Theil index is, the better the industrial structure rationalization is.
Econometric model and statistical interpretation of data
This article mainly studies the influence of industrial structure changing on energy structure consumption, so the econometric model is as follows
In this model, i; t are the provinces and time periods, respectively. As the dependent variable in this article, energy consumption structure uses the energy structure cleaning (energy it ) as its index, it is formulated by the ratio of non-coal energy consumption to the total energy consumption, which is different from the existing research (Chen et al., 2011; Wang et al., 2011) . The core explanatory variable contains two indexes: industrial structure upgrading (upgrade it ) and industrial structure rationalization (rationalization it ). c is model's constant term; e it is the random disturbance term. Existing research shows that apart from the industrial structure, energy consumption structure had many other influence factors which include technological progress, changes of energy prices, economic development levels and so on (Fan et al., 2012; Liu et al., 2016) . Therefore, this article chooses the technological progress (technology it ), energy price (price it ), and economic level (GDP P it ) as the control variables of the regression model. The reasons are as follows: Firstly, the indicators of technological progress use the granted quantity of inventive patent applications as its measurement indicator. Patents include invention patents, utility-model patents and design patents. In this study, we think that only the invention patents directly measure the level of regional technological innovation, and hence the granted quantity of invention patents can reflect the level of regional technological progress. Secondly, the energy-price index is measured by the purchasing fuel and power price index. As an important productive factor of regional economic production activities, the price of energy can influence the cost of economic production activity directly, and then influences the choice of economic production activities for the type of energy consumption, that is, the choice of energy consumption structure. Thirdly, the economic indicators are measured by using per capita GDP. Based on the existing literature, we can see that research about the effect of economic development level on energy consumption structure reducing to the level in 2003 do not have unanimous conclusions. On the one hand, existing research results show that higher levels of economic development can promote the exploration and utilization of clean energy such as wind power, solar energy and so on, thus promoting the cleaning of energy consumption structure (Zeng et al., 2009 ). On the other hand, the excessive growth of economic level will also lead to spring back problems of energy consumption (Shao et al., 2013; Zha and Zhou, 2010) . When economic growth is greater than the growth of clean energy supply, economic growth will not be conducive to the cleaning of energy consumption structure.
The empirical results and analysis
Calculating results of conversion coefficient of equivalent electricity of partial energy According to the statistical results of Chinese regional final energy consumption of physical quantity from the regional energy balance table in "China Energy Statistical Yearbook", combined with the EECM, this study chooses the main 20 types of final energy consumption to measure its conversion coefficient of equivalent electricity. Taking Beijing in 2013 as an example, we choose the annual average outdoor temperature 12.36 C as the outdoor reference temperature. The calculating results of conversion coefficient of equivalent electricity of the main 20 types of final energy consumption are shown in Table 1 .
From Table 1 , on the basis of EECM, we can see that the highest grade energy in the final energy consumption in Beijing in 2013 are electrical energies with a grade of 1.0000; the second is natural gas energies and petroleum energies, both reached the grade of 0.6417; the following are coke energies and coal energies, their grades are 0.1803 and 0.4263, respectively; the lowest grade energy is the thermal energy, the grades of municipal hot water heating and municipal steam heating are only 0.1688 and 0.2496, respectively. Comparing the measured results in the third, fourth, and fifth columns in Table 1 , it can be seen that there is a big difference in calculation between the EECM and traditional energy statistical method. The EECM in this study has the following advantages: First, both the coal equivalent calculation method and calorific value calculation method ignore the difference between different types of energies, and it is easy to overestimate low-grade energy in the process of energy statistical calculation. But the EECM can unite two essential factors of "quality" and "quantity" of all kinds of energy, and hence the calculation is more exact. Second, for new types of energy such as solar, wind and so on, using EECM can not only avoid the complex accounting process of converting it into standard coal but also conform to the actual utilization process of new energies because the main utilization of these new energies is generated electricity.
Descriptive statistics
This study focuses on the effect of the regional industrial structure changing on the regional energy consumption structure. We take the regional energy consumption structure as the research object and choose panel data which are from 30 mainland Chinese province, autonomous regions, and municipalities between 2003 and 2013 as samples (due to the lack of statistical data on total energy consumption and fuel/power purchase price index The absolute values of the kurtosis are all less than 10, which generally meet the criteria of normal distribution and can be used for subsequent data analysis.
The regression analysis
In order to avoid spurious regression, this study firstly uses the Levin, Lin & Chut test, the Fisher-ADF test, and the Im, Pesaran and Shin test to test the unit root of each variable. The results show that the logarithmic index of energy structure cleaning is a zero-order unit integer, it is lower than the order of unit integer of all explanatory variables such as industrial structure upgrading, industrial structure rationalization and so on (due to space limitation, we will not present all the orders). This means that the sample is suitable for regression analysis.
Preliminary regression analysis
In Table 2 , the explained variable is the index of regional energy structure cleaning, and the five indicators are: industrial structure upgrading, industrial structure rationalization, technological progress, energy price, and economic level as the explaining variable. The results of regression analysis are shown in Table 3 .
From the regression analysis, we can see that in models (I)-(IV), the regression coefficient of industrial structure upgrading and industrial structure rationalization shows a strong stability. This means that the regression results of this model are dependable strongly. The adjoint probability of Hausman's test statistics in models (I)-(IV) is 0. 4218, 0.2147, 0.1907, and 0.2183, respectively . Therefore, the regression results of random effect model are more suitable for this sample. The following analyses are based on the regression results of random effect model. Firstly, the industrial structure changing has a significant positive effect on the regional energy structure cleaning. The indicators of industrial structure upgrading and industrial structure rationalization all make a significant positive effect on energy structure cleaning. The model (II) shows that the regression coefficient of industrial structure upgrading is 0.0861 with a significance under 5% (sig). This means, when the regional industrial structure upgrading increases 1%, the regional energy structure cleaning will increase 0.0861%. The regression coefficient of industrial structure rationalization is 0.1209 with a significance under 5% (sig). This means, when the regional industrial structure rationalization increases 1%, the regional energy structure cleaning will increase 0.1209%. Meanwhile, we find that the influence coefficient of industrial structure rationalization is higher than that of industrial structure upgrading, this means the rational development of industrial structure and the optimized construction of industry chain play a greater role in the adjustment of the regional energy structure. Secondly, technological progress has a Table 3 . An effect of industrial structure changing on energy consumption structure. significant positive effect on regional energy structure cleaning. When the regional technological progress increases 1%, the regional energy structure cleaning will increase 0.1724%; Energy-price changing has a negative effect on the regional energy structure cleaning, its regression coefficient is À0.2208, and it passed a significant 10% test. The decline in energy price is conducive to the improvement of the energy structure cleaning. During the sample period, the level of economic development has no significant effect on the index of energy structure cleaning.
Robust regression analysis
In order to analyze the effect of industrial structure changing on the robustness of energy consumption structure, this study chose the proportion of generated energy of clean energies such as Chinese regional hydropower, nuclear power, wind power and so on in the total amount of regional electricity production as the index of energy structure cleaning to do regression analysis. The results are shown in Table 4 . The results show the following: Firstly, the indicators of industrial construction upgrade, industrial construction rationalization and technological progress all have a significant positive effect on the generated energy ratio of clean energy. In model VI, the regression coefficients are 0.0434 and 0.0609, respectively, which mean when industrial structure upgrading, industrial structure rationalization and technological progress increase 1%, the generated energy ratio of clean energy will increase 0.0434 and 0.0609, respectively. Secondly, the regression coefficients of energy-price changing indicator are all negative and they passed a 10% significance test, which means the decline in energy prices during the sample period is conducive to increasing the proportion of clean energy use. Thirdly, the economic level indicator has no significant effect on the generated energy ratio of clean energy. Therefore, the significance test results and the sign of the regression coefficient in models (V)-(VIII) are consistent with the models (I)-(IV), which means the above empirical analysis results have good robustness. 
Conclusion and enlightenment
Based on the perspective of energy grade, this paper firstly gave the EECM of energy statistical calculation, integrates the "quantity" and "quality" of various energies into energy statistical calculation. Then, by using the results of the energy consumption calculation above, the energy consumption structure is calculated. By combining with the data of actual economic production activities in 30 Chinese provinces between 2003 and 2013, the effect of the regional industrial structure changing on the energy consumption structure is empirically analyzed. Through the analysis above, the main conclusions are as follows: Firstly, there is a significant difference in five different energy grades in final energy consumption in China, the five energies include coal, petroleum, natural gas, heating power, and electricity, and their energy grades from high to low is electricity, natural gas, petroleum, coal, heating power, respectively. Both the traditional coal equivalent calculation method and the calorific value calculation method ignore the difference of grade between different energies, and both the methods overestimate low-grade energies in the process of energy statistical calculation.
Secondly, both the industrial structure upgrading and the industrial structure rationalization have significant and steady positive effect on the regional energy structure cleaning, and the promotion of the regional industrial structure rationalization to the regional energy structure cleaning is greater, when its index increases 1%, the regional energy structure cleaning will increase 0.1209%. The industrial structure upgrading and the industrial structure rationalization can also promote the increase of the consumption proportion of the regional new energy (including hydropower, nuclear power, wind power, solar electrical energy generation and so on), when the index of the two indicators increase 1%, the regional consumption proportion of the new energy will increase 0.0434% and 0.0609%, respectively.
Thirdly, in controlling variables, the technological progress indicator has significant and steady positive effect on the regional energy structure cleaning and the consumption proportion of the regional new energy, but energy-price changing has a negative effect on the two measuring indicators of energy consumption structure, the decrease of energy price is conducive to the increase of the energy structure cleaning and the consumption proportion of new energy. Finally, during the sample period, the developing level of regional economy has no significant effect on energy consumption structure.
The enlightenment of this paper is as follows: the energy grades represent the "quality" of energy, it can reflect the function of different types of energies. Thus, we suggest that governments establish and practice a set of "equivalent electricity" methods to calculate the production, transportation, and consumption of all kinds of energies, and calculate all kinds of energy grades, so as to better connect energy suppliers and energy demanders, and can effectively avoid unreasonable use of "high-grade energy and low-grade energy use". The significant positive effect of industrial structure rationalization on the development of the regional energy structure cleaning is higher than that of the industrial structure upgrading. Therefore, under the economic environment in which Chinese industrial structure upgrading is becoming more accelerated, the adjustment of the regional industrial structure should not blindly pursue industrial structure upgrading, it should pay more attention to the development of industrial structure rationalization and the supporting construction in the upstream and downstream industries in the industrial chain in order to achieve the sustainability of industrial structure upgrading. In addition, governments should increase investment in technological innovation and issue various preferential policies to encourage enterprises to develop green manufacturing technologies. At the same time, the government should actively adopt steps such as energy-price subsidies and other measures to reduce enterprise's energy consumption price. Moreover, in the case of existing energy-price subsidies, the price subsidy policy should be biased toward the high-grade and cleaning energy prices to promote the development of energy structure cleaning.
